A method for the determination of trace amount of sulfide based on the addition reaction of sulfide with methyl green at pH 7.5 and 25 o C is described. The reaction is monitored spectrophotometrically by measuring the decrease in absorbance of the dyestuff at 637 nm by the initial rate and fixed time method. The calibration graph is linear in the range 30-1200 ppb. The theoretical limit of detection was 0.014 ppm. Seven replicate analysis of a sample solution containing 0.70 ppm sulfide gave a relative standard deviation of 1.5%. The interfering effects of various ions on sulfide determination have been reported and procedures for removal of interference have been described. The proposed method was applied successfully to the determination of sulfide in tap and wastewater samples.
Introduction
Hydrogen sulfide is a by-product of many industrial processes and it is also formed during putrefaction of proteinaceous substances containing sulfur. 1 This hazardous gas can also be produced when elementary sulfur or sulfur containing compounds react with organic material at high temperature. The monitoring of sulfide is required in a variety of environmental and industrial applications, including odor assessments, health and safety investigations, routine industrial/off-line monitoring programs, and regulatory compliance issues as a consequence of the toxicity of any liberated hydrogen sulfide. 2 There are limits on the total level of sulfide permitted in waste discharges in most countries because of toxicity and capacity to remove dissolved oxygen. 3, 4 Sulfide in H2S form is toxic to fish and other aquatic organisms 5 and can be responsible of the decrease in wastewater treatment plants efficiency. Hence, its concentration needs to be controlled, especially in water and wastewater.
Sulfide can be determined in different media, using various techniques. These include titrimetric, 6 flow-injection analysis, 7, 8 amperometric, 9 polarographic, 10 ion chromatography, 11, 12 HPLC, 13 GC 14 and spectrophotometric.
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Although chromatographic methods have low detection limits, they generally require complex and time-consuming sample preparation procedures, are expensive and are not easily adapted to field analysis.
Kinetic methods have been widely used in catalytic and non catalytic determination of various chemical species. [17] [18] [19] The different techniques and procedures associated with this type of method have been reviewed. 20, 21 Kinetic methods for the determinations of micro amounts of sulfide have been described. [22] [23] [24] However, most of these methods suffer from interfering effects of other sulfur anions or low linear dynamic range and some are time-consuming. Thus, simple, rapid, and selective methods are still required. In this work we report a kinetic spectrophotometric method based on the addition reaction of sulfide with methyl green at pH 7.5 for the determination of sulfide in trace levels. Application of the developed method was evaluated by measuring the sulfide content in tap water and wastewater samples.
Experimental Section
Materials. All reagents were analytical-reagent grade (from Merck or Aldrich) and used without further purification. Doubly distilled water was used throughout the experiment.
Sulfide stock solution, (1000 ppm) was prepared daily by dissolving 0.7506 g of Na2S·9H2O (Merck) in water and diluting to 100 mL. This solution can be standardized iodometrically 25 or potentiometrically. 26 Standards of working solution were made by appropriate dilution daily as required.
Methly green stock solution (Merck, 1.0 × 10 −4 M) was prepared by dissolving 0.0608 g of methyl green in water and diluting to 100 mL in a calibrated volumetric flask. Ten mL of this solution was diluted to 100 mL and used as a working solution. Phosphate buffer (pH 7.5) was prepared by mixing a suitable amount of K2HPO4 (0.01 M) and KH2PO4 (0.01 M) in a 100 mL volumetric flask. Apparatus. The absorption spectra were recorded on a Cecil 9000 UV-Vis double beam spectrophotometer (Cecil Instruments Limited, England) and measurements at a fixed wavelength were made with a 662 Metrohm probe type photometer. The Metrohm photometer was connected to a computer using a 12 Bit A/D card (model 1201, Bitpardaz Co., Tehran, Iran) and the appropriate software was written in Quik Basic in our laboratory. The changes in absorbance with time were displayed on the screen. A magnetic stirrer (model ZMS 74, ZAG CHIMIE Co., Tehran, Iran) was used for mixing of reagents and pH was adjusted using a 691 Metrohm pH meter. The temperature was controlled by a thermostated water bath (model HAAKE D1). The temperature was maintained constant in the reaction cell by circulating water at appropriate temperature around the cell of the photometer during the experiment. The addition of sulfide solution to reaction cell was carried out using Hamilton syringes with different volumes.
Procedure. Two separate procedures were adopted. Both of two procedures were performed by direct data collection by computer. The first method was based on the conventional fixed time method and the second on the slope method. In the cell of reaction, 2.0 mL (1.0 × 10 −5 M) of methyl green solution was added to 1.0 mL of 0.01 M phosphate buffer (pH 7.5) and diluted to 7.0 mL by addition of appropriate amounts of water. Probe was inserted in the cell and the deviation in absorbance of blank was saved in computer. A magnetic stirrer was used to mix the reagents. Then 50-100 µL of sulfide solution was added to initiate the reaction and the absorbance versus time data were collected by the computer. With a fixed time method, absorbance changes were measured between 0-15 s after start of the reaction. In the slope method, the slope of the plot of absorbance versus time was found during the first 10 s after starting the reaction.
Results and Discussion
Methyl green is an acid-base indicator and exists in two forms, R + and ROH, depending on the pH of solution. 27 Addition of sulfide to methyl green occurs at pH 6.0-8.0 (at 25 o C). This causes a relatively rapid change of the color of solution from blue to colorless even in the presence of small amounts of sulfide (ppb).
Effect of Variables. The effect of pH, concentration of methyl green, ionic strength and temperature on the additional reaction of sulfide with methyl green was studied by the fixed time and slope method.
The decrease of absorbance of methyl green in the presence and absence of sulfide was measured in the pH range 5.0-10.0 using phosphate buffer, HCl, or NaOH solutions for pH adjustments. The effect of pH on the rate of reaction of 3.3 × 10 −6 M methyl green in the presence of 0.50 ppm sulfide is shown in Figure 1 . As it is seen, the difference between blank and sample reaction rate was increased with increasing pH from 5.0 through 7.5. So pH 7.5 was used as optimum pH because of maximum difference between the rate of blank and sample reaction. Above pH 7.5 the rate of blank reaction is increased owing to the formation of ROH. The influence of methyl green concentration on the reaction rate at pH 7.5 was also investigated and the results are shown in Figure 2 . It is seen that there was an increase in the reaction rate when the concentration of methyl green was varied from 0.8 × 10 The effect of ionic strength on the rate of reaction rate was studied. The ionic strength was varied from 0.01-0.10 M using NaNO3 solution. The results showed that this factor had no effect on the reaction rate up to 0.04 M. A further increase of ionic strength caused a decrease in the reaction rate.
The effect of temperature on the reaction rate was investigated in the range 5-50 o C. Figure 3 shows that the reaction rate of sulfide increased with increasing temperature while the blank had no considerable change up to 25 o C. Temperature of 25 o C was selected as the best working temperature, since at this temperature the differences between blank and sample reaction rate is large and it is suitable for subsequent uses. Optimum conditions were chosen as follows: pH 7.5; respectively; λ max= 637 nm. Calibration Graph, Precision, and Limit of Detection. Under optimum conditions two linear calibration graphs were prepared (Table 1) . Seven replicate analysis of a sample solution containing 0.70 ppm sulfide gave a relative standard deviation of 1.5%. The theoretical limit of detections 28 were 0.014 and 0.017 ppm for fixed time and slope method, respectively according to YDL = YB + EB where YDL, YB, and EB are signal of detection limit, blank signal and noise of the blank, respectively. As the results imply, the fixed time method and slope methods are comparable with each other.
Effect of Foreign Ions. The interference due to several cations and anions was studied in detail. Different amounts of ionic species were added to the sulfide solution. The concentration of sulfide was 0.50 ppm in solution. The tolerance limit was taken, as the amount required causing ± 4% error in the sulfide recovery. The results are presented in the Table 2 .
Removal of Interference's. The most of the cations that interfere in sulfide determination form insoluble metal sulfides. Interference effects of these cations were removed by the addition of iodide or hydroxide ions and filtering the solution prior to each measurement. These cations also can be successfully removed from the solution by passing it from a column containing a strongly acidic cation exchanger of H + form (Merck). Among the anions, sulfite and iodate interfere. Sulfite interference can be eliminated by the addition of 0.4 mL of 0.05 % formaldehyde to 7.0 mL of test solution prior to each measurement. The interfering effect of iodate was removed by the addition of 1.0 mL 500 ppm iodide to 7.0 mL of test solution prior to each measurement. Since cyanide did not interfere, the interfering effect of silver was removed by the addition of cyanide to form stable silver cyanide complex and thus preventing silver sulfide formation. In addition, the interfering effects of Pb 2+ , Cu 2+ and Hg + , Hg 2+ were removed by the addition of hydroxide (100 ppm) and iodide (100 ppm), respectively, to form precipitates and thus preventing metal sulfide precipitation. The results are summarized in Table 3 .
Application. To confirm the usefulness of the suggested method, sulfides were determined in tap water and wastewater samples. After proper dilution of the sample, the wastewater sample was first treated with NaOH and filtered. The pH of filtrate was then adjusted to about 7.5 with HCl. Results are given in Table 4 . The results show that the method is suitable for the analysis of real samples. 
Conclusions
This work describes a relatively inexpensive, rapid, simple, and sensitive method for the determination of trace amounts of sulfide based on the addition reaction with methyl green. The analytical system is simple and needs minimum maintenance and most of ions do not interfere. Standard method [25, 28] .
